Abstract. The anterior nasal mucosaof21 cattle had smallclosely-packed polypoidnodules. These had a distribution pattern similar to that of inhaled particles. Acute inflammatory changes consisting of eosinophil infiltration, mast cell and globule leucocyte hyperplasia, and oedema were frequent in the epithelium, terminal gland ducts and adjacent lamina propria. Epithelium over nodules was metaplastic to non-keratinising stratified squamous, whilst epithelium of terminal gland ducts was metaplastic to mucus-secreting pseudostratified columnar. Focal accumulation of granulation tissue between gland ducts caused herniations of the superficial lamina propria to form the nodules.
The literature on bovine nasal granuloma recently has been reviewed [2] . The name has been applied to three separate diseases, two of which are of known cause and are better termed nasal mycetoma and nasal schistosomiasis. The third disease is of unknown cause and is restricted almost entirely to Australasia. All references in this paper to nasal granuloma will refer to the latter disease.
Clinically nasal granuloma is characterized by recurrent nasal discharge, obstruction and pruritis. Disease onset usually is at about 2 years of age; subsequent irregular exacerbations and remissions occur throughout life. Exacerbations apparently are related to seasonal or weather conditions. The prevalence of nasal granuloma is breed dependent, and Jersey and Friesian (Holstein) cattle are affected more frequently than other breeds [5] .
During clinical exacerbations nasal discharge changes from serous to yellow and mucoid, and may become mucopurulent and foetid [8] . The discharge usually contains many eosinophils. Nasal obstruction accompanies the discharge, causing stertorous respiratory sounds, and occasionally complete nasal blockage and oral breathing. Animals attempt to relieve nasal irritation by scratching the internal nares, causing minor nasal haemorrhage and the lodgement of plant stems in the nasal passages. These nasal foreign bodies aggravate obstruction and contribute to secondary bacterial infection and the occurrence of mucopurulent discharge. Lesions of nasal granuloma are palpably thick, rough areas of the anterior nasal mucosa. They develop at about 2 years and persist even during clinical remission [5] .
Macroscopically the lesions consist of closely-packed small nodules on the anterior nasal mucosa. Histologically there is metaplasia of the epithelium and terminal gland ducts, and vascular proliferation, fibroplasia and lymphoid infiltration of the lamina propria [9] . In many animals there is also pronounced eosinophil infiltration of the epithelium and hyperplasia of subepithelial mast cells [9] .
Experimental transmission of nasal granuloma has not been accomplished, either by enforced contact between animals or direct inoculation of material from lesions. Lesions similar to those of nasal granuloma have been produced by repeated intranasal application of ovalbumen to an animal immunized with ovalbumin [10, 11] .
Current theories implicate immediate hypersensitivity (type I hypersensitivity [4] ) as the major factor in causing nasal granuloma [2-4, 9, 11] . It is proposed that the clinical features are caused by recurrent episodes of allergic rhinitis, whilst the lesions are the chronic residuum of these. This explanation accounts for the irregular clinical exacerbations, nasal eosinophilia and breed predisposition which are characteristic of nasal granuloma.
Materials and Methods
Twenty-one cattle culled from the Gippsland area of Victoria were obtained from two abattoirs in Melbourne. The first two cattle with palpable nasal lesions of nasal granuloma were taken at each collection. Control specimens were obtained from nine cattle without lesions.
Head (less the tongue, skin and most of the attached muscle), larynx, trachea and lungs were obtained from each animal. A sagittal section on each side through the nasal passages along a line parallel and about 2 centimetres lateral to the medial raphe of the hard palate exposed the nasal passages and paranasal sinuses. The respiratory tract and associated lymph nodes were examined grossly. Blocks of tissue from 18 standard sites in the nasal passages, nasopharynx, larynx, trachea, bronchi, lung and associated lymph nodes were removed and fixed in 10% neutral formalin. Paraffin sections were cut and stained with haematoxylin and eosin (HE). Special stains were used as required.
Results

Gross lesions
Areas of mucosa with lesions were confined to the nasal passages. The affected areas varied from a few square centimetres to nearly the whole nasal mucosa. Irrespective of the amount of mucosa, lesions began at the ventral junction of the nasal vestibule and respiratory regions, whilst the most posterior extent of lesions was in the dorsal part of the septum ( fig. I, 2 ). Lesions on the medial and lateral sides of each nasal passage were almost mirror images while lesions on either side of the nasal septum were laterally symmetrical. In identical twins lesions were similar in character, distribution and extent.
Most commonly lesions consisted of multiple nodular mucosal elevations of various sizes covered by intact epithelium ( fig. 3 ). When nodules were relatively evenly sized and closely packed they produced a rough, thick mucosa which was thickest centrally and blended gradually with normal mucosa at the edges. Individual nodules were circular or ovoid from above ( fig. 3 ) and on section were flat polyps with a base about half the width of the apex (fig. 5, 13, 15). They were from I to 5 millimetres high. Larger nodules were more irregular and their shape suggested fusion of adjacent simple nodules ( fig. 3) .
In some animals, particularly those with only small affected areas and small nodules, the nodules were arranged in a linear pattern ( fig. I) . In a few other animals with larger lesions there was a ridge-like linear pattern ( fig. I ).
Twigs and small sticks 10 to 25 centimetres long and up to 5 millimetres thick were frequently found in the nasal passages of affected cattle ( fig. 4) . Areas of mucosa withlesions tended to outline these foreign bodies, and become moulded to them ( fig. 4 ) and where the foreign bodies had been removed the epithelium was ulcerated. In animals with foreign bodies, or with lesions that suggested they had been present, the posterior and broadest part of the ventral turbinate was often distorted from its normal smooth convex curvature. In one animal there was a fibrous adhesion between the nasal septum and the adjacent turbinate. Most animals had minor lacerations of the anterior nasal mucosa in various stages of healing.
Microscopic lesions
The lesions were irregular nodular elevations that were essentially herniations of the superficial lamina propria caused by accumulations of chronic inflammatory tissue ( fig. 5, 6 ). The deep zone of the lamina propria, which includes the glands, was not affected ( fig. 5 ). In general the changes that contributed to these lesions were acute and chronic inflammatory infiltrates and hyperplasia and metaplasia of the epithelia of the mucosal surface and of the terminal parts of mucosal gland ducts.
The acute and chronic inflammatory changes occurred in different regions of the mucosa. The acute inflammatory changes paralleled the distribution of epithelial changes and occurred in the surface epithelium, terminal gland ducts and a narrow zone of adjacent lamina propria. In contrast, the chronic inflammatory changes were best developed in the deeper parts of the lamina propria, the zone immediately adjacent to the surface epithelium and gland ducts being spared. Microscopic changes were appreciable in areas that looked normal macroscopically and the lesions in the mucosa of the anterior ventral turbinate were much less severe on the inner concave surface than on the outer convex surface ( fig. 7, 8 ).
Acute inflammatory changes
The outstanding acute inflammatory changes were infiltration by eosinophils and globule leucocytes, hyperplasia of mast cells and oedema.
Tissue eosinophil infiltration was often intense ( fig. 9, 10) , and its extent varied regionally with the type of epithelium. In regions of nonkeratinising stratified squamous epithelium, infiltration was generally less severe than in adjacent regions of pseudostratified columnar epithelium. Because the epithelium of nodules was generally squamous and the epithelium between nodules and of gland ducts generally columnar, eosinophil infiltration was usually most severe in regions between nodules and in gland ducts.
Globule leucocytes infiltrated the epithelium of the mucosal surface and terminal gland ducts in many lesions ( fig. 10 , 18) but were also frequently seen in control tissues. The number of globule leucocytes did not directly parallel the number of eosinophils or mast cells in the tissues, although their distribution was similar to that of eosinophils.
Mast cell hyperplasia consisted of an increase in the number of cells in the region of the epithelial basement membrane ( fig. II) and to a lesser extent in the deeper lamina propria. In most animals mast cells were sparsely granulated, although occasionally they were heavily granulated or completely degranulated.
Oedema and petechial haemorrhage in the superficial lamina propria were frequent in the zone adjacent to the epithelium of nodules and surrounding gland ducts.
Chronic inflammatory changes
Accumulation of chronic inflammatory tissue in the lamina propria was a characteristic of nasal granuloma. This tissue resembled granulation tissue and was composed of fibroblasts, collagen, lymphocytes, plasma cells, mast cells and small blood vessels ( fig. 14, 16 ). This tissue caused distortion of the mucosal contour and the formation of nodules ( fig. 13, 15) . In areas of mucosa where nodules were not well developed, such as at the edges oflesions, granulation tissue formation was slight and the main change in the deeper parts of the lamina propria was an increase in the number of perivascular lymphocytes and plasma cells ( fig. 12) .
Chronic inflammatory tissue usually occurred in the regions between gland ducts and invariably formed the core of nodules. Thus typical nodules consisted of a central mass of chronic inflammatory tissue surrounded by a thin zone ofoedematous connective tissue and epithelium, the latter with variable acute inflammatory changes. In small rounded nodules, which usually occurred at the edges of large lesions or centrally in small lesions, the granulation tissue was usually immature and consisted principally of cells with little collagen (fig. 13, 14) . Conversely, in larger flat nodules, which were usually seen centrally in large lesions, the granulation tissue was composed principally of collagen infiltrated by relatively few cells which were mostly lymphocytes ( fig. IS, 16 ).
Epithelial changes
Epithelial changes involved the mucosal surface and terminal gland ducts and were different in these two sites.
In controls the epithelium of the nasal mucosa in the regions usually affected by lesions of nasal granuloma was nonkeratinising stratified squamous anteriorly, changing to pseudostratified columnar a few centimetres caudal to the nasal vestibule. In cattle with nasal granuloma the epithelium of nodules was invariably nonkeratinising stratified squamous ( fig. 5, 13, IS) , even in sites that were pseudostratified columnar in all controls. The epithelium between nodules was usually hyperplastic pseudostratified columnar.
Changes in the epithelium of gland ducts involved only the extraglandular parts, traversing the superficial lamina propria. In controls this part of ducts was composed of a two-layered epithelium with cuboidal, unciliated, non-mucus-secreting apical cells ( fig. 19 ). In cattle with nasal granuloma the epithelium of terminal gland ducts was metaplastic to pseudostratified columnar with numerous goblet cells ( fig. 17 ). There was hyperplasia of the epithelium and cylindrical enlargement of the ducts, often exacerbated by accumulation in the lumen of tenacious mucus secreted by the goblet cells ( fig. 18 ).
Other microscopic lesions
The mucosa of the nasal vestibule was not affected by gross lesions of nasal granuloma, but there were microscopic changes. These were hyperplasia and metaplasia of the epithelium of the gland ducts, variably accompanied by eosinophil and globule leucocyte infiltration. The keratinising stratified squamous epithelium of the vestibule was relatively unaffected, and chronic inflammatory changes in the lamina propria were minimal. Ulcers of the anterior nasal mucosa were common in diseased animals and uncommon in controls and were not always associated with lesions of nasal granuloma. They consisted of areas of epithelial ulceration with fibrinous exudation at the base and neutrophil infiltration. Ulcers resulting from a foreign body had pronounced granulation tissue at the base. Changes in the mucosal glands were not frequent in either control or affected animals. Occasional cystic gland ducts and atrophic glands were seen in both groups. No difference in the proportion of mucus-secreting acini in glands was found between control and diseased cattle. Thickening of the basement membrane of the surface epithelium was common in both groups of animals. Occasionally occlusive thrombi of the cavernous veins in the deep lamina propria also were seen in both groups.
Typical granulomatous lesions were found outside the nasal passages in only one animal in which the epiglottis and anteroventral larynx were affected. In most animals with severe nasal acute inflammation similar changes were seen in the mucosa of nasopharynx, larynx, trachea and bronchi. Epithelial and chronic inflammatory changes were not found in these regions, however, and acute inflammatory changes of similar degree were sometimes seen in controls. In some animals with severe nasal granuloma there was dilation of alveolar ducts and occasional ruptured alveolar septa in the lungs. These changes were not marked but were appreciable by comparison with controls.
Discussion
The gross and microscopic pathology of nasal granuloma are consistent with the hypothesis that the inciting agent is deposited on the nasal mucosa by the inspiratory air stream. The distribution of the lesions in general followed the expected deposition of large particles from inspired air and lesions were less severe on unexposed parts of the anterior nasal mucosa, such as the inner surface of the ventral turbinate. Where nasal foreign bodies altered the course of the nasal air stream the distribution oflesions also was altered. Histologically the mucosal changes, which are summarized diagrammatically in figure 20, decreased quantitatively and qualitatively from the surface and the lumen of the superficial gland ducts (which are essentially part of the mucosal surface) toward the deeper parts of the tissue. Acute inflammatory changes were less severe in regions covered by impermeable stratified squamous epithelium. Finally, there was no evidence of focal acute changes in the tissue which might be expected if the disease were caused by an invasive agent.
The occurrence of acute inflammatory changes was variable. Because all the changes in this group are rapidly reversible, it is likely that the reason for their inconstancy is that they occur episodically. The chronic inflammatory and epithelial changes, however, appeared to be gradually progressive since they were both less developed at the margins of lesions than in the centres. Epithelial changes in the gland ducts appeared first and were followed by changes in surface epithelium and the gradual accretion of chronic inflammatory tissue and the formation of nodules. This interpretation ofthe histogenesis ofthe lesions ofnasal granuloma is represented in figure 21 .
There is little doubt that the pathogenetic mechanism of the acute inflammatory changes in nasal granuloma is a type I immediate hypersensitivity reaction [4] to an aerogenous allergen. The acute inflammatory changes occur episodically and cause irregular bouts of nasal obstruction and discharge with pruritus. It is likely that the obstruction is largely caused by congestion of the cavernous veins in the deep lamina propria, rather than by mucosal oedema which is not marked in nasal granuloma but is prominent in human allergic rhinitis. The mucosal nodules do not contribute significantly to nasal obstruction because they persist during clinical remission.
The cause of the epithelial changes in nasal granuloma is not defined. They may be caused by a direct effect of the inciting agent, but more probably are secondary to the inflammatory changes in the lamina propria.
The cause of the chronic inflammatory changes in nasal granuloma is also obscure. A disease similar to nasal granuloma has been produced by repeated application of ovalbumen to the nasal mucosa of an animal immunised with ovalbumen in Freund's incomplete adjuvant [10, 11] . During the course of this experimental disease a rising titre of skin-sensitising antibody developed, which led the authors to the conclusion that type I hypersensitivity is the sole pathogenic mechanism in both the experimental and natural diseases. Immunisation with Freund's incomplete adjuvant, however, may induce precipitating, complement-fixing and skin-sensitising antibodies and perhaps delayed hypersensitivity. Thus the involvement of immune complexes, or even cell-mediated hypersensitivity in the experimental disease, or nasal granuloma, cannot be excluded. There is no evidence that repeated type I hypersensitivity reactions induce chronic inflammatory changes. Allergic rhinitis in man is often cited as an example of a disease caused by type I hypersensitivity, and occasionally lesions contain chronic inflammation [6] . Recent studies, however, implicate both type III and type IV hypersensitivities in some untreated patients with allergic rhinitis [1, 13, 14] .
In contrast to type I hypersensitivity, tissue reactions similar to the chronic changes in nasal granuloma are seen in experimental type IV hypersensitivity and in natural diseases, such as tuberculosis, mediated principally by this mechanism. Similarly, diseases caused by type III reactions may be characterized by chronic inflammatory changes. The morphological evidence thus suggests that the chronic inflammatory changes in nasal granuloma are caused by either type III or IV hypersensitivity existing with the type I reaction which evokes the acute inflammatory events. The coexistence of type I and III hypersensitivity reactions is well documented in respiratory tract diseases such as aspergillosis [12] .
The identity of the antigen or antigens which stimulate the type I response in nasal granuloma remains the principal enigma of the disease. If the postulated type III or IV hypersensitivities are involved in the pathogenesis of the lesions it is likely that they are responses to the same antigen. It is possible, however, that the latter responses are caused by bacterial antigens released from secondary invaders. Alternatively, the antigen may be an altered tissue component or a complex of a tissue component and exogenous antigen [15] .
The pathological data support the hypothesis that the clinical signs of nasal granuloma are caused by episodic type I hypersensitivity reactions to unidentified airborne antigens, while the nodular lesions are caused by the progressive accumulation of inflammatory granulation tissue. The latter is the probable result of type III or IV hypersensitivity reactions.
